long term (7) . The equipment required for inhalation anesthesia may not be accessible in all clinics, and drug dissemination due to air sac and pneumatic bone damage during surgery is possible, which can threaten both birds and the staff. As a result of the absence of the diaphragm in some birds, gas exchange is completely dependent on the movement of the ribs, sternum, and coracoid bone. The total lung capacity of birds is lower than that of mammals, and they are very sensitive to changes in CO 2 concentration. Considering the importance of the cardiovascular system in birds, some inhalation agents sensitize the heart to catecholamine (16, 20, 31) . A rapid recovery time, an appropriate quality of anesthesia, and safety of propofol have been reported for short procedures (11) . Its use is approved in intracranial lesions, as it maintains the autoregulation of cerebral blood flow; therefore, it is superior to inhalant agents (5) . As the goal in any anesthetic episode in birds is to maintain the lowest possible level of anesthesia taking into account their anatomical and physiological characteristics, the aim of this study was to choose an appropriate injectable anesthetic protocol by utilizing midazolam and metamizole as pre-anesthetic drugs in order to reduce the dose of propofol and decrease side effects.
Material and methods
Animals, diet, and housing. This study was conducted under the supervision of the ethics committee of the Faculty of Specialized Veterinary Sciences, Science and Research Branch, Islamic Azad University, Tehran, Iran (License no. 5493). Eighteen male pigeons (Columba livia) aged two years and weighing 304.2 ± 32.3 g (mean ± SD) were used. Prior to the experiment, the birds were kept in similar conditions and prevented from feeding for four hours and from water consumption for one hour. The birds were controlled for the health status, including the heart rhythm, respiration, and mucous membrane color. An anti-parasite drug was given to all birds. They were then allocated to three groups of six pigeons each.
Drugs. In group I, midazolam 6 mg/kg was injected intramuscularly as a pre-anesthetic, and propofol 8 mg/kg was injected intravenously after five minutes. Birds in group II received metamizole 500 mg/kg intramuscularly followed by propofol injected, as in group I, after five minutes. In group III, or the control group, metamizole 500 mg/kg was administrated intramuscularly.
Clinical assessment scale. In order to determine anesthetic depth, clinical parameters of the nervous, cardiovascular, gastrointestinal, musculoskeletal, ocular, and respiratory systems were monitored, recorded, and evaluated in all groups five minutes after the last injection according to guidelines for the determination of anesthetic depth in birds (1) . The magnitude of the cere and pedal reflexes was measured by pinching and surgical stimulation, which consisted in drilling the tibia with a 1-mm intramedullary pin. Auscultation was used to determine the cardiac rhythm. The heart rate was recorded by a pulse oximeter (A310 fingertip pulse oximeter, Shenzhen Aeon Technology, China) before and 5 minutes after the last injection. The magnitude of all changes in gastrointestinal parameters was recorded by observation. The response rate of musculoskeletal parameters was evaluated by pinching. Loss of corneal and palpebral reflexes was evaluated by touching the peripheral cornea with a dry swab. A penlight was used to assess the pupil size. Changes in the respiratory depth and pattern, cough, and mucose membrane color were determined by observation. Response to intubation was mea- 
Results and discussion
All nervous reflexes were present in group III, whereas in groups I and II they were markedly decreased (Tab. 2). According to the intergroup Kruskal-Wallis test, the greatest difference was observed in feather plucking and the pedal reflex (P = 0.001), and the lowest difference was seen in the cere reflex (P = 0.008), as shown in Tab nificant differences between the three groups (P = 0.001) (Tab. 4). Although more dysrhythmia was recorded in group I, the results showed no significant changes in the three groups (P > 0.05), as shown in Tab. 2. The heart rate decreased 5 minutes after the last injection in all groups, and the smallest change was observed in group II (Tab. 5), but these changes were not significant in any of the groups (P > 0.05) (Tab. 6). Although all reflex responses of the gastrointestinal system were more prominent in group III, the results revealed no significant differences between the groups (P > 0.05) (Tab. 3). In addition, the intergroup Kruskal-Wallis test also showed no significant differences (P = 0.061) (Tab. 4). No significant difference was found in the results of cloacal sphincter tone examination (P > 0.05). The muscle tone decreased markedly in group II (Tab. 2); the results of the Kruskal-Wallis test showed significant differences in jaw tone and limb muscle tone between the three groups (P = 0.004 and P = 0.016, respectively), indicating greater muscle relaxation with metamizole and propofol as compared to the other protocols (Tab. 3).
Intergroup analysis showed a significant difference between the three groups (P = 0.003) (Tab. 4). Despite the presence of corneal and palpebral reflexes in group III, they were significantly decreased during anesthesia (Tab. 3) and almost diminished absent in groups I and II (Tab. 2) (P < 0.05). The intergroup Kruskal-Wallis test showed a significant difference between the three groups (P = 0.003) (Tab. 4). The pupil size did not change significantly in any of the groups (P > 0.05).
Regarding the respiratory system, cough and response to intubation were not observed in any of the birds; moreover, the mucous membrane was normal during anesthesia (Tab. 2). The results indicated a significantly greater respiratory depth in group I. Depth irregularities were observed in groups I and III. The respiratory pattern was normal in the metamizole-propofol group, but irregular in the midazolam-propofol group (Tab. 2). According to the results of the Kruskal-Wallis test, there were significant differences in the respiratory depth and pattern between the three groups (P = 0.030 and P = 0.003, respectively) (Tab. 3). The intergroup analysis also showed a significant difference between all groups (P = 0.003) (Tab. 4). The respiratory rate declined 5 minutes after the last injection in all the groups (Tab. 5), while the results of the Wilcoxon test indicated a significant change in group I (P = 0.027) (Tab. 6). Inhalation and injection protocols are used in avian anesthesia. Inhalation agents may not be operational in some clinical situations, such as the surgery of the beak, oropharynx, or tracheal resection (5, 11, 15) . Propofol is administrated as an anesthetic, analgesic, and sedative in humans (17, 30) , animals (23, 28) , and various avian species (21, 22) . Previous studies have recommended the use of pre-anesthetics along with propofol in order to reduce the dose and, more importantly, the side effects (25, 33) . The main objective of this study was to choose a suitable anesthetic protocol in birds.
Tab. 4. The results of Kruskal-Wallis test for intergroup comparison of all systems

System
Group N Mean Rank Chi-Square df Sig. Therefore, to achieve an appropriate anesthesia depth and muscle relaxation, to decrease side effects, and to increase the safety level, the dose of propofol was reduced. Metamizole and midazolam were used as preanesthetic drugs in groups I and II, respectively, and their clinical effects were compared. Metamizole is used as a pre-anesthetic in various animals (4, 13) , and a few studies are also available on its use in birds (2, 8) . In the present study, nervous reflexes differed significantly between the three groups, and the greatest reduction was observed in the midazolam-propofol group, which indicates that anesthetic depth was increased more than expected. Thus, the quality of recovery is smoother with metamizole and propofol. Some researchers have reported a rapid induction and complete recovery in the musculoskeletal system with propofol in quails (19) . The results of another study showed that smooth and desirable induction and recovery could be achieved by propofol (11, 18) . Another study compared the effect of metamizole-propofol and fentanyl-propofol on pedal and pinch reflexes in rabbits. The results showed that metamizole-propofol had better analgesic and anesthetic effects (4) . The results of another study showed that metamizole not only induces suitable pharmacological effects, but can also be an alternative to diclofenac sodium in analgesia (2) . Evaluation of dysrhythmia showed that metamizole-propofol could have desirable effects on the heart rhythm. The heart rate was reduced insignificantly during anesthesia in all groups. As these changes could not affect the cardiovascular function, it can be concluded that metamizole-propofol is safer for this system. A previous study reported that propofol had minimal effects on the cardiovascular system, although systolic and diastolic pressures decreased insignificantly (27) . In another study, no significant difference in the heart rate was observed in parrots anesthetized with propofol (12) . Metamizole, as a non-opioid drug, along with propofol has better analgesic results, compared with those of fentanyl (3). Propofol can be considered superior to inhalant agents in intracranial lesions, as it maintains the autoregulation of cerebral blood flow (5) . None of the drugs had severe side effects on the gastrointestinal system. Another recent investigation also reports positive effects of metamizole and its safety for the gastrointestinal system (32) . The results of the present study demonstrate that metamizole-propofol has better effects on muscle relaxation and reflexes. The results of another study showed that propofol had a rapid induction and good muscle relaxation properties (9) . In addition, a complete recovery of the musculoskeletal system was achieved with this agent (14) . Both drug combinations in groups I and II almost inhibited corneal and palpebral reflexes, but midazolam with propofol were more potent. The respiratory depth was greater and the respiratory pattern was irregular with midazolam-propofol, whereas with metamizole-propofol, the respiratory depth was appropriate and the pattern was normal. The respiratory rate decreased during anesthesia, and these changes in the midazolam-propofol group were significant, so metamizole-propofol is safer for the respiratory system. Our findings are consistent with the results of studies showing favorable effects of metamizole and propofol on the respiratory system (8, 27) . Normal levels of CO 2 and O 2 concentration in the arterial blood were also reported in owls anesthetized with propofol (15) . It is also worth noting that the saturation of peripheral oxygen (SpO 2 ) and post apneic end-tidal carbon dioxide pressure (PETCO 2 ) are not affected by the administration of metamizole and propofol (3) . The present study shows that a combination of metamizole and propofol is safer and has favorable effects, especially on the musculoskeletal and respiratory systems. Upon clinical evaluation, this combination could be used as a reliable anesthetic protocol for short operations in pigeons, especially when inhalation agents are contraindicated.
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